Abstract-This paper discusses the development of an artificial heterogeneous breast phantom that emulates the electrical properties of human breast over the ultra wideband frequency range of3.1GHz to lO.6GHz. The developed breast phantom has a realistic hemispherical shape and dielectric properties which are close to those of the different real breast tissues. This artificial breast phantom is to be used to test the reliability of the microwave imaging systems that are investigated for early breast cancer detection. The measured characteristics of the developed phantom validate its capability to emulate the characteristics of the real breasts.
I. INTRODUCTION
Breast cancer is the most common cause of cancer-related deaths for women and in Australia alone in 2006, women with over 12,000 new cases has been diagnosed and projections suggest that the number of new cases will continue to grow most [2] . Hence, there is a need for an alternative low cost and safe diagnostic imaging method. Over the past few decades, there has been a growing interest by many research groups on the microwave imaging modality for breast cancer detection.
Thus, there is a need to develop an artificial breast phantom to simulate the interactions of electromagnetic waves with biological tissues.
A large scale study initiated by a research group from University of Wisconsin, Madison on the measurements of the dielectric properties of real breast tissue has served as a benchmarks in the design of breast phantoms [3] . The same group has demonstrated that the tissue mimicking materials can be customized by changing the composition of the oil-in gelatin mixture. Another type of material that can be used as a key ingredient for breast phantoms is polyacrylamide [4] . This material has optical transparency and gel-like mechanical properties. However the limitation of this material to be used in the phantom fabrication is due to the limited shelf life-just several hours if it is exposed in air.
In order to test and improve the current microwave imaging system, there is a need for realistic breast phantom. The requirement is that this phantom should mimic the dielectric properties of real breast tissues in the ultra wideband (UWE) frequency range. Besides that, the phantom also should be realistically shaped like human breast.
In this paper, the development of an artificial breast phantom with skin, fat, glandular tissues and tumour is Gelatin and agar based material is used in the development of the phantom since it can be easily shaped and shows a stable dielectric properties over a long period of storage time.
[t has been observed in our laboratory that this agar and gelatine mixture can retain the size although after the dielectric measurement which involve some firm compression to avoid any air trapped between the phantom and the ti p of the probe. 
IV. COMPLEX PERMITTIVITY MEASUREMENTS
Once the phantom was ready and solidified, the dielectric properties were tested. Measurements of complex permittivity
were taken using open ended coaxial line probe HP 85070A in the UWB frequencies. All the measurement of complex permittivity was made at room temperature (approximately 24°C).Before doing the measurement using the probe, the VNA calibration is done followed by the calibration of the probe using 3 standards: open(where the tip of the probe is leaved in air),short( connected to a short circuited stub) and using deionized water where the probe tip is immersed in a deionized water. Measurement is repeated after 4 and 10 weeks to check on the phantom's dielectric constant stability over a period of time.
The phantom is kept in an air tight container to keep it's moisture and at room temperature (20-25°C).
The complex permittivity of materials can be represented by
Oebye model given by the equation:
Where C, I is the value of permittivity that would be observed at low frequencies, Coo the value for 'infinite' frequency, T is the relaxation time and (J is the conductivity. The parameters used in representing the Oebye model in this paper can be found in Table 1 [5]. To check the phantom's stability, measurements for fat phantom were repeated after 4 weeks and 10 weeks of time and Fig. 7 depicted that the variation of the dielectric constant is very small and its value is decreasing slightly with time.
This may indicate the fat phantom loses some water content or moisture over time through dehydration.
Frequency,GHz 
VI. CONCLUSIONS
We have presented, in this paper, the development of a heterogeneous phantom which in general has a good agreement with the real tissue and has a good stability for at least 12 weeks of storage time. The heterogeneous phantoms were made to have a complex permittivity close to that of the actual breast fat, gland and tumour. Moreover, the designed phantom is non-toxic, has a realistic shape, easy to handle and most important has a minimum change in dielectric properties over time. The resulting breast phantom is consisted of gland and tumour which were inserted in the breast fat phantom to model the human's breast which is heterogeneous in nature.
The overall characteristics of the manufactured breast have indicated their good agreement with the real values. Thus, it can be used to emulate the real human breast when testing the emerging microwave imaging modality for early breast cancer detection.
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